INTRODUCTION
Dyspepsia is a common symptom that accounts for up to 5% of patients who visit their primary health care provider, and functional dyspepsia (FD) accounts for 60% to 80% of all patients with dyspepsia. 1, 2 FD is a common syndrome in which chronic, repetitive gastrointestinal (GI) symptoms occur predominantly in the upper GI tract, with no apparent underlying disease. Rome III criteria categorize FD as two subtypes: postprandial distress syndrome and epigastric pain syndrome, according to symptoms of postprandial fullness, early satiety, stomach pain, and epigastric soreness. In a recent nationwide study of FD following the Rome III criteria, the prevalence of FD was 10.3% in Korea, with prevalence of a postprandial distress syndrome subtype of 7.3%, prevalence of an epigastric pain syndrome subtype of 5.5%, and approximately 25% of FD patients categorized with overlap syndrome. 3 The pathophysiological mechanisms of FD may be multifactorial and remain to be fully elucidated, although widely recognized mechanisms are gastroduodenal dysmotility, gastroduodenal acid exposure, visceral hypersensitivity, autonomic/ central nervous system dysfunction, Helicobacter pylori infection, and psychosomatic factors. 4, 5 Standard management of FD has not yet been established, and satisfactory pharmacotherapy is also unavailable. Anti-secretory drugs, such as proton pump inhibitors, prokinetics, histamine receptor antagonists, and antidepressants, have been evaluated extensively for FD therapy despite little evidence of efficacy. 6 Natural product extracts have recently attracted attention, since they have comprehensive treatment effects and are relatively safe.
GCWB104 is a newly formulated extract obtained from Flos Lonicera, a dried bud of the genus Lonicera japonica thunberg belonging to the family Caprifoliaceae. Flos Lonicera extracts are known to have been used as a crude medicine for abdominal symptoms in East Asia since the Ming Dynasty of China. The major component of Flos Lonicera is chlorogenic acid, which has been shown to have significant anticarcinogenic, antiinflammatory, antioxidant, and analgesic effects in an animal gastritis, gastric ulcer model. In addition, Flos Lonicera extracts showed excellent gastric motor improvement in the gastric emitting and GI transmission model. [7] [8] [9] Therefore, ingestion of GCWB104 is expected to protect and improve the function of the stomach. In addition, in reflux esophagitis model, which is related to FD, the Flos Lonicera extract improved the esophageal lesion score and histopathologic changes. 10, 11 From this background, the aim of this study was to investigate the efficacy of GCWB104 on the improvement of mild to moderate FD symptoms compared with placebo.
MATERIALS AND METHODS

Study participants
This trial recruited a total of 92 people from February 2017 to July 2018. Male and female subjects >19 years of age who had mild to moderate FD were eligible. They had baseline endoscopic screening, and subjects without active lesions (peptic ulcer disease or gastric erosions) were enrolled. Written informed consent was obtained from all participants.
Exclusion criteria included: allergic history to natural substances and ingredients, need for medical therapy for reflux esophagitis (above LA-A), acute gastritis or gastric ulcers on esophagogastroduodenoscopy, inability to undergo endoscopy, history of esophageal or gastric surgery that could affect GI motility, continuation of steroids, nonsteroidal anti-inflammatory drugs, or other daily medications that can cause ulcers, severe liver disease (above 2.5 times the upper limit of normal for aspartate aminotransferase, alanine aminotransferase, gamma glutamyl transferase), chronic kidney disease, renal failure, severe cardiovascular or pulmonary diseases, unregulated diabetes, cerebrovascular diseases, need for surgery during the test period, administration of proton pump inhibitors, H2-receptor antagonist, gastroesophageal reflux disease treatment medication within 2 weeks of endoscopic examination or 1 week before the first visit, pregnant or breastfeeding females, planning conception or disagreement with proper contraception methods, and participation in other human trial within 4 weeks before the trial. The number of remnant products was counted in visit 3 and visit 4, and the lower limit of trial food compliance was 80%. Subjects with compliance less than 80% were considered as non-compliance group and excluded from the study.
Study design
This study was a single-center, double-blind, randomized, placebo-controlled clinical trial conducted in South Korea. The study protocol was approved by the Seoul National University Bundang Hospital Institutional Review Board (IRB number: BST104-01), and this trial was registered with Clinicaltrials. gov (number: NCT04008901) and the Korean Clinical Research Information Service (number: KCT0004085). FD was defined by Rome III criteria as person with one or more symptoms of epigastric pain or soreness, postprandial fullness, or early satiety for the past 3 months with symptom onset at least 6 months prior to diagnosis; no evidence of structural disease that was likely to explain symptoms; and no organic lesion detected by endoscopic examination. Screening tests were conducted on each person before 1 week of the scheduled first administration, and exclusion of those who were not suitable was based on the inclusion and exclusion criteria. The registered subjects were given an oral dose of GCWB104 or placebo for 8 weeks after random assignment, and the efficacy and safety were assessed by visiting the institution at 4 weeks and 8 weeks after administration.
Number of target subjects and basis of calculation
The number of subjects was calculated as follows: referring to the prior study about the efficacy of Abexol using GSRS score, 12 the study showed that the average change of GSRS in placebo group was -2.7 after 8 weeks, and the average change of GSRS in Abexol group was -6.1. The difference of change of GSRS between the trial group and the placebo group was -3.4. The effect of GCWB104 was estimated to -2.5, about 73.5% of Abexol, and the standard deviation was estimated to 3.4, the maximum standard deviation in the reference text. And the number of participants in each group required for this study was calculated to 30, referring to the central limit theorem, which states that even if the population does not follow a normal distribution, if the sample size is 30 or higher, the distribution of the sample mean is approximated to the normal distribution. In addition, we assumed the dropout rate for each group to be 34%. A total of 92 people would be needed, considering that the efficacy of GCWB104 was assumed to be 73% that of Abexol with an approximately 34% elimination rate; in addition, a type I error of 5% and type II error of 20% were assumed, referring to the previous clinical trial focusing on the efficacy of Abexol in subjects with FD. 12 
Methods of efficacy measurement
A week before administering the drug, collection of the consent form, checking of the vital signs, pregnancy tests, and blood and urine tests were performed. After random assignment, 300 mg of GCWB104 (including 125 mg of Flos Lonicera extract) or placebo was administered per oral twice daily, after a meal, for a total of 8 weeks. At 4 and 8 weeks after administration, vital signs and compliance were checked, and symptom evaluation was performed using a Gastrointestinal Symptom Rating Scale (GSRS) questionnaire. At 8 weeks after administration, physical examination and urea breath test for H. pylori were performed. Random assignment was performed using the permuted block randomized method, and the trial was designed as double-blind to minimize bias. During the trial period, medications that could affect clinical trials were prohibited, and the individual history of drug dosing was checked through a questionnaire at each visit.
The primary efficacy was defined as the total GSRS score improvement after 8 weeks of administration compared to baseline. The GSRS is a symptom-specific instrument of 15 items combined into five symptom clusters depicting reflux, abdominal pain, indigestion, diarrhea, and constipation. It has a 4-point graded Likert-type scale where 1 represents the absence of troublesome symptoms and 4 represents very troublesome symptoms, and the reliability and validity of the GSRS are well documented. 13 In addition, the second efficacy was defined as the improvement rate in GSRS score (total GSRS [%], the percentile improvement rate, converted value of each of the 15 items to % together), the improvement of individual symptoms, the change of serum antioxidant biomarker levels, and the improvement of dyspepsia-related quality of life using the Nepean Dyspepsia Index (NDI) after 8 weeks of administration compared to baseline. The NDI questionnaire consisted of five categories and 25 questions of GI symptoms, with each question rated on a 5-point Likert scale. And an additional analysis was done based on 90% compliance, to check the relationship between higher compliance and signiticant efficacy. Totally 59 subjects showed compliance over 90%, 33 in the GCWB104 group and 26 in the control group.
Measurement of antioxidative markers
Blood samples from a forearm vein were drawn with the subjects in a fasting state (i.e., fasting for at least 8 hours prior). The serum samples were immediately separated by centrifugation at 3000 g for 10 minutes and were stored at -80°C for further analysis, based on a previous study on antioxidative biomarkers. 14 Commercially available assay kits were used to perform the assay for 8-hydroxy-2'-deoxyguanosine (8-OHdG), thiobarbituric acid reactive substances, and high sensitivity C-reactive protein (Cayman Chemical Co., Ann Arbor, MI, USA). All analyses were performed at the same laboratory (GC LabCell, Yongin, Korea).
Safety issues
The adverse events, adverse drug reactions, and significant adverse events that occurred after drug exposure were investigated, and the rate differences of adverse events, abnormal drug reactions, and significant adverse events were compared and analyzed among treatment groups. Changes in vital signs, and laboratory tests were also compared and analyzed after 4 weeks and 8 weeks of administration. 
Statistical analysis
The data obtained from the subjects of this trial were analyzed in three main forms: safety, full analysis (FA), and per protocol (PP). The safety group was defined as being randomly assigned to this human trial and took trial products at least once. The FA group was defined as having data of the efficacy evaluation collected more than once after administration of the trial product. The PP group was defined as the FA group who completed this human testing without significant plan violations, and in this case, only the following randomly assigned and a two-sided test was performed for baseline information of subjects and safety assessment. A p-value less than 0.05 was regarded as significant.
RESULTS
1. The state of participation and demographic characteristics Fig. 1 presents a flowchart of subjects progression through the study with reasons for premature discontinuation. Screening was conducted on a total of 99 subjects, and a random assignment was made to 92 of the subjects, excluding seven subjects by the selection/exclusion criteria; 46 subjects were assigned to each group (GCWB104 group, control group). Among these subjects, 91 subjects (46 in the GCWB104 group, 45 in the control group) were included in the FA group, except one who withdrew consent. During the trial, 18 people were eliminated due to violation of the selection/exclusion criteria, adverse effects, violation of the test protocol, and omission of test results, and ultimately, 73 subjects (38 in the test group, 35 in the control group) were included in the PP group. The baseline characteristics of each group are demonstrated in Table 1 . There were no significant differences in sex, age, height, or drinking habit between the two groups, and only weight showed statistically significant differences between the two groups.
Validity evaluation 1) Primary efficacy evaluation
The average GSRS score at baseline was 24.21±5.26 in the GCWB104 group and 22.00±4.40 in the control group, with no statistically significant difference between the two groups. The improvement in GSRS score in each group was -6.16±5.52 in the GCWB104 group and -3.34±6.00 in the control group. The difference in GSRS score improvement between the two groups was statistically significant (p=0.045). Total GSRS scores of both groups at baseline, 4th, 8th week are shown in Table 2 , and changes in total and individual symptoms of GSRS after 8 weeks of administration are shown in Table 3 .
2) Secondary efficacy evaluation
(1) GSRS score improvement rate In the PP analysis, the GSRS score improvement rate after administration of trial food compared to baseline was -22.85±15.62 in the trial group and -12.20±26.16 in the control group, and the GSRS score improvement rate between the two groups also showed a statistically significant difference (p=0.049).
(2) Improvement of individual symptoms of GSRS In the analysis of improvements in individual symptoms of GSRS, a total of 13 symptoms were improved after administration of human trial food in the test group, while six were improved in the control group. As shown in Table 2 , of 15 individ- ual symptoms, rumbling, loose stool, and fecal urgency showed statistically significant improvement. In these symptoms, both GSRS score improvement in the trial group before and after administration of GCWB104, and GSRS score improvement between the trial and control groups were statistically significant. Individual symptoms can be divided into symptoms of the upper, and lower abdomen, and stomach pain, heartburn, acid reflux, hunger pain, nausea and vomiting, rumbling, bloating and eructation are symptoms of the upper abdomen that correspond to the stomach. In the statistical analysis of upper abdominal symptom GSRS score improvement, there was significant improvement in the GCWB104 group compared to the placebo group (p=0.013).
(3) Improvement by compliance and duration of administration When comparing the change from baseline to the 4th week of administration and the change from the 4th week to the end point, there was significant improvement in the GCWB104 group over time compared to the placebo group (p=0.032) ( Table 4 ).
In the analysis of the efficacy evaluation according to compliance, a total of 59 subjects with 90% compliance were randomly assigned to two groups, namely, GCWB104 (n=33) and placebo (n=26), which were subsequently considered for analysis. After 8 weeks of treatment, GCWB104 significantly reduced the whole GSRS score compared with baseline and placebo (p=0.014). Compared to placebo, administration of GCWB104 decreased symptom scores significantly in each symptom associated with upper abdominal pain, such as hunger pain, acid reflux, and rumbling. Lower abdominal symptoms, such as loose stools and urgency for defecation, were also decreased in the GCWB104 group (Table 5 ).
(4) Improvement of antioxidative markers The changes in antioxidative markers are presented in Table 6 . In the analysis of the changes in inflammatory and antioxidative markers, there was a statistically significant improvement in 8-OHdG in the test group compared to the control group (p=0.032). However, there was no significant difference in cytokine high sensitivity C-reactive protein, thiobarbituric acid reactive substances or total antioxidant levels.
(5) Improvement of dyspepsia-related quality of life In the analysis of the improvement of dyspepsia-related quality of life using NDI, there were statistically significant changes in both trial and control groups, after 8 weeks of administration compared to baseline. However, there was no significant difference between the two groups ( Table 7) .
Safety
In this trial, there were 18 adverse events, seven adverse drug reactions, and 22 unexpected adverse drug reactions, in addition to four adverse events that caused cessation and one major adverse event (Table 8 ). However, no significant adverse reaction was associated with the test product including one major adverse event, ankle bone fracture, and no statistically significant differences in intergroup comparisons were observed.
In the analysis of vital signs, changes in systolic blood pressure within the control group and changes in pulse rates within the test group showed statistically significant differences but were considered to be within the normal range and have no clinical implications. In hematological and biochemical analyses, significant differences in alkaline transferase, glucose, and aspartate aminotransferase levels between the trial and control groups were observed at the time of screening. Significant differences in triglyceride and low density lipoprotein levels between the trial and control groups were observed at the 8th week of the trial, and significant differences in red blood cell, hemoglobin, hematocrit, alanine aminotransferase, and gamma glutamyl transferase were observed between the trial and control groups at the time of screening and the 8th week of the trial. Significant differences were observed in changes in albumin levels in the trial group, changes in total bilirubin levels in the control group, and changes in albumin levels between the trial and control groups. However, the changes were within the normal range and were considered to have no clinical implications.
DISCUSSION
In this study, we aimed to verify the validity and safety of GCWB104, a health functional food based on Flos Lonicera extract, in subjects with mild to moderate FD. The results showed statistically significant differences in improvement of GSRS total points over placebo, and the analysis of individual symptoms also identified improvements in rumbling, loose stool, and fecal urgency.
FD is a chronic, relapsing, and remitting disorder. The current standard for the diagnosis of FD is the Rome III criteria, which consist of a sensation of pain or burning in the epigastrium, early satiety, and fullness during or after a meal, or a combination of these symptoms. Treatment of FD is difficult, since it is a group of heterogeneous symptoms involving various elements of pathogenesis, and a combination of drugs that corrects the underlying pathology that can cause symptoms is needed. Treatments such as H. pylori eradication therapy, acid suppression therapy, prokinetic agents, antidepressants, and psychological therapy are available, but the overall rate of symptom resolution is only approximately 50%. 15 Approximately 15% to 20% have persistent symptoms, and the remaining 30% to 35% suffer fluctuations in their symptoms. In this regard, biologic drugs and health functional foods are notable. Biologic drugs and health functional foods can be superior to medicine that functions using only one mechanism, and recent studies show the effects of biologic products in FD. 16 For example, DA-9701, a biological drug based on Corydalis tuber and Pharbitis seed extract, showed its effectiveness in improving gastric emptying and GI tract passage by antagonizing dopamine D2 receptors and acting on 5-HT 4 receptors, and it is used in the treatment of FD. 17 Rikkunshito and STW-5 also showed the effect of improving GI motility and visceral pain. 18 In a trial of 247 subjects, 8 weeks of Rikkunshito treatment had the effect of improving epigastric pain and postprandial satiety. 19 STW-5 has been used for about 50 years as a treatment for dyspepsia, and a study of 315 subjects with FD showed significant improvement in GI symptoms after 8 weeks of STW-5 treatment compared to placebo. 20, 21 In this study, improvements in the GSRS total score and GI symptoms were identified after administration of GCWB104 for 8 weeks. A larger scale of improvement in the GSRS total score was observed in the trial group compared to the control group. In addition, in the analysis of individual symptoms of GSRS, significant improvements were observed in 13 of the 15 GSRS symptoms in the test group, while only six symptoms were improved in the control group. Of the individual symptoms, significant improvements were observed in the test group over the control group, particularly in rumbling, loose stool and fecal urgency, suggesting the ability of GCWB104 to improve GI motility in FD and irritable bowel syndrome.
The 15 individual symptoms of GSRS can be divided into upper and lower abdominal symptoms, and significant improvements in upper abdominal symptoms, including epigastric pain, heartburn, reflux, sensation of stomach emptiness, nausea and vomiting, rumbling, abdominal distention and eructation were observed in the test group compared to the control group. Since Flos Lonicera extracts have been reported to have gastric mucosal protective effects and to be effective in improving stomach function in animal experiments, 8 this trial demonstrated the improvement of upper abdominal symptoms in the GCWB group, which is a meaningful result. In addition, there were also improvements in lower GI symptoms, including loose stool and fecal urgency. In a recent study of the effect of DA-9701 in a postoperative ileus animal model, DA-9701 improved GI transit and lowered plasma adrenocorticotropic hormone levels by the central corticotropin-releasing factor pathway. 22 We think this can be similarly possible in GCWB104, improving GI transit by influencing the gut-brain axis. However, so far, there have been no reported research results or evidences, so further study about the pharmacologics and mechanisms of GCWB104 on the gutbrain axis in irritable bowel syndrome subjects is suggested.
It has been reported that the higher the dose compliance of the trial drug, the more effective it is, [23] [24] [25] [26] given that the drug needs a certain amount of time to act and improve symptoms in FD. 27 In previous clinical studies on FD, proton pump inhibitors often showed positive results in the relatively short-term period of 2 weeks, while the duration of trials with prokinetics or psychotropic drugs tended to be longer and heterogeneous, approximately 4 to 12 weeks. 28, 29 In this study, we set the trial period to 8 weeks, considering that GCWB104 was a health functional food with complex ingredients, and additional evaluation was performed at 4 weeks after administration to confirm the change in symptoms. In the analysis of the effects according to the duration of the administration, when a total of 8 weeks of testing was divided into 0 to 4 weeks and 4 to 8 weeks, significant improvement in symptoms could be seen over time in the test group. In addition, in the analysis of the effects according to the regimen compliance, the degree of symptom improvement in groups with a dose of 90% was found to be significantly greater. These results are thought to be the evidence that GCWB104 improves GI symptom.
In the analysis of antioxidative biomarkers, a significant decrease in the 8-OHdG concentration in blood in the trial group compared to the control group was found. 8-OHdG, which can be measured in blood (serum) and urine, is a representative biomarker of oxidative DNA damage. Increased levels of 8-OHdG are known to be associated with an elevated risk of DNA mutation and cancer. 30 Several studies have revealed the correlation of 8-OHdG with Barrett's esophagus, adenocarcinoma of the esophagus and stomach, gastric atrophy and intestinal metaplasia. 31, 32 Therefore, this result is thought to be a demonstration of the antioxidative and gastric protective effect of GCWB104, because 8-OHdG has been significantly decreased in the test group, although it is difficult to interpret that it contributes directly to improving GI function.
There were no safety issues with GCWB104. In this trial, there were 18 adverse events, seven adverse drug reactions, and 22 unexpected adverse drug reactions, with four adverse events that caused cessation and one major adverse event. However, no significant adverse reaction was associated with the test product, and no statistically significant differences in intergroup comparisons were observed. In the analysis of vital signs, changes in systolic blood pressure within the control group, and changes in pulse rates within the test group showed statistically significant differences, but were considered to be within the normal range and have no clinical implications. In hematological and biochemical analyses, there were some statistically significant changes, but all were within the normal range and were considered to have no clinical implications.
There were limitations in this study. The improvement of dyspepsia-specific quality of life after administration was observed, but there was no statistically significant difference between the trial and control groups. It is disappointing that the improvement in quality of life due to improvement of indigestion symptoms after administration of GCWB104 has not been statistically demonstrated, but since the scale of changes in NDI has been greater in the test group, it is necessary to reanalyze NDI through a larger study in the future. In addition, H. pylori status was analyzed by the urea breath test in the registered subjects (27 in the test group, 27 in the control group) after changing the protocol of the trial. Neither the test group nor the control group showed any significant changes. It is necessary to analyze the impact of GCWB104 on H. pylori, as H. pylori eradication is known to improve symptoms in FD. 33 In this study, FD was evaluated using the translated Korean version of the validated Rome III criteria (Rome III-K questionnaire). However, Rome IV criteria were revised after confirmation of this study design, so additional studies using Rome IV criteria should be followed.
In conclusion, the results of this trial showed the potential efficacy of GCWB104 in improving GI symptoms in mild to moderate FD subjects. It also reduced some of irritable bowel symptoms, and showed antioxidant effects. So we suggest that it could be a good candidate for functional GI disorders.
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